branch lodging are most likely to occur in a pepper field. Root lodging occurs when straight and intact stems lean from the ground level due to a weakening in the root system (Pinthus, 1967) . Branch lodging occurs when a branch is loaded with fruit and bends to the ground or, in severe cases, breaks (Johnson et al., 1973) . Wolf and Alper (1984) stated that efficient mechanical harvesting of peppers requires establishing complementary horticultural practices. One such practice is using beds and soil hilled to the base of the plants. Hilling soil to the base of the plants provides structural support and increases anchorage, which helps to reduce plant uprooting during mechanical harvesting (Marshall, 1984) . Hilling must be practiced carefully because imprecise cultivation can increase lodging due to root damage (Stoffella and Kahn, 1986) . Banks (1992) reported that deep cultivation of cotton (Gossypium hirsutum L.) reduced yield due to root pruning.
Nitrogen rates for pepper vary depending on production area and what pepper types and cultivars are grown. Rates can vary from 56 to 336 kg N/ha in 'Anaheim Chili' grown in California (Payero et al., 1990) . Sundstrom et al. (1984) reported that 112 kg N/ha was most desirable for Tabasco peppers (Capsicum frutescens L.). Stroehlein and Oebker (1979) suggested that chile yields were highest when N rates were between 100 and 150 kg•ha -1 . Hartz et al. (1993) reported that yield and mean fruit size of drip-irrigated bell pepper in California peaked at 168 to 252 kg N/ha.
Nitrogen rates also play a part in determining plant size. Plant size is important when mechanical harvesting is being considered. Marshall (1984) reported that an upright plant with narrow crotch angles is optimal for mechanical harvesting. Sundstrom et al. (1984) showed that high N rates and increased plant densities produced a plant structure that was favorable for machine harvest.
Our objective was to evaluate lodging, uprooting force, and yield when chile and paprika peppers were grown under four bedding practices and two N rates. In 1992, weeds were controlled with a preplant N, N-diethyl-2-(1-naphthaleneyloxy)-propionamide (napropamide) application at 1.7 kg•ha -1 in both locations. In 1993, in Bixby, napropamide was applied at 1.9 kg•ha -1 on 12 Apr. An additional application of napropamide was made after replanting on 17 May at 1.1 kg•ha -1 . Plots were kept weed free by mechanical and hand cultivation. Sprinkler irrigation was provided to supplement rainfall based on a subjective evaluation of soil moisture and crop observations.
Materials and Methods

Field
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base of plants (T2); 3) bedded preplant with 10-cm-high and 35-cm-wide flat top beds, but bed not sustained (allowed to erode) during the growing season (T3); and 4) bedded preplant and sustained (bed erosion repaired) during the growing season (T4). T2 and 4 were repaired on 14 July in Bixby and 20 July 1992 in Fort Cobb. The bedding treatments needed to be sustained twice in 1993 (30 Aug. and 24 Sept.) due to greater than normal rainfall, which eroded the beds and washed away hilled soil.
Harvest was after frost each year to simulate grower practice. Harvest dates in 1992 were 6 Nov. in Fort Cobb, and 30 Nov. in Bixby. Harvest was on 3 Nov. 1993 in Bixby. Plants were measured and observations were recorded before harvest. Plant height and width were measured on three representative plants in the data collection rows, and the average value for each plot was recorded. The total number of plants and the number of lodged plants in 3 m of data collection row were counted. Five plants were chosen at random to measure uprooting force with a wire cablepuller, spring scale, and a lever based on a fulcrum (Cooksey et al., 1994) . The aboveground plant material in 3 m of row was cut off at soil level, placed in burlap bags, and dried at 48C for 1 week. Data collected after drying included stem diameter of 10 plants, total weight of plant matter, and fruit weight.
A 2 × 4 factorial arrangement of treatments was used in a split-plot design arranged in randomized blocks with six replications. The main plots were N rates and the subplots were bedding treatments. A plot consisted of four rows, with the two middle rows used for data collection. Plot length was 6.0 m in Bixby and 8.5 m in Fort Cobb. Between-row spacing was 0.9 m. Data were evaluated by analysis of variance and general linear model procedures (SAS Institute, 1982) .
Results and Discussion
No significant interactions were found between the N rates and bedding treatments for any of the variables analyzed in the five studies. Plant stand at harvest was not significantly different for bedding treatments or N rates within a given experiment (data not presented).
Plants were taller at the higher N rates in chile but not in paprika (Table 1) . Plants were wider at the higher N rates in all studies, except for paprika in 1992. The higher N rates increased lodging in only one of the three studies with chile, and it never significantly influenced paprika lodging. Stems were thicker in paprika with the higher N rates but not in chile. Uprooting force was not significantly affected by N rate in any of the studies. In 1992, uprooting force in chile was >450 N due to dry soil conditions at harvest in Fort Cobb, and actual values could not be determined with available equipment. Fruit dry weights were higher with the higher N rates in all studies, except with paprika in 1993. Stem and leaf dry weights were higher with the higher N rates in all studies (Table 1) .
Plant height and width were not significantly influenced by the bedding treatments, except for chile plant width in Bixby in 1993, where bedding (T3 and 4) produced wider plants than planting without beds (T1 and 2) ( Table 2 ). This difference might have resulted from the late replanting date in 1993. The beds may have provided a more favorable environment for early root growth, as reported by Banks (1992), which in turn promoted more top growth. Bedding treatments did not affect lodging. In 1992, chile stems were thicker in T3 and 4 in Bixby, when contrasted with T1 and 2. There were no other significant effects of bedding treatments on stem diameter (Table  2) .
More force was required to uproot plants with hills and sustained bedding (T2 and 4) compared to plants in the flat and nonsustained beds (T1 and 3) in three of four studies where uprooting force was determined (Table 2 ). In 1993, paprika plants on beds (T3 and 4) also required more force to uproot than nonbedded plants (T1 and 2). The greater uprooting force needed for plants in the hilled and sustained treatments indicates better anchorage, possibly due to bigger roots, as suggested by Stoffella and Kahn (1986) . The extra soil around the bases of hilled and sustained plants also provides structural support, which would further reduce plant uprooting problems during mechanical harvesting (Marshall, 1984) .
In 1992, chile plants in Bixby had greater fruit dry weight in flat-ground plots (T1 and 3) when contrasted with hilled nonsustained plots (T2 and 4) ( Table 2 ). In 1992, paprika plants in Bixby had higher fruit dry weight when not bedded (T1 and 2) than when bedded (T3 and 4). There were no significant differences in fruit dry weight due to the bedding treatments in the other three studies. Bedding did not produce significant effects on stem and leaf dry weights, except for paprika in Bixby in 1992 (Table 2) . Root systems may have been damaged during the sustaining of T2 and 4 during the 1992 growing season. There was some visible damage to chile plant roots during this operation. According to Miller (1986) , any stress originating in the roots affects the rest of the plant and can reduce yield. The root system and the fruit act as competing sinks for carbohydrates (Miller, 1986) . Once stress occurs to the roots, the plant assimilates are redirected from the fruit to the roots to rebuild the damaged area, thereby reducing fruit yields.
The higher N rates consistently produced larger and higher yielding chile plants and generally increased yield and stem and leaf dry weights of paprika plants. The higher N rates tended to increase lodging, but differences were significant only in one of five studies. Plant uprooting forces also were not significantly affected by N rates. Further research is needed, but based on our studies, N rates of 135 kg•ha -1 for chile and 90 kg•ha -1 for paprika appear to be better than 45 kg•ha -1 . This recommendation generally agrees with findings of Stroehlein and Oebker (1979) and Sundstrom et al. (1984) .
The bedding treatments did not have a consistent influence on fruit yield in our studies; however, in three of four, more force was required to uproot plants when peppers were planted without beds and hilled or when planted on beds that were sustained compared to when they were planted on the flat or on beds that were not sustained. Uprooting of plants is not There is grower interest in a stripper harvest system, which is currently used for harvesting paprika peppers in Oklahoma. The stripper system is faster than harvesting the entire plant, but requires stronger plant anchorage (Marshall, 1984) . Because soil bedding treatments improved plant anchorage, planting without beds and hilling, or planting on beds and sustaining the beds, are the recommended methods for chile and paprika production on the soils in this study. 
